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INTERACTIVE TRIANGULATED
IRREGULAR NETWORK (TIN) SURFACES
DESIGN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. Section
119(e) of the following co-pending and commonly-assigned
U.S. provisional patent application(s), which 1s/are incorpo-

rated by reference herein:
Provisional Application Ser. No. 60/507,062, filed Sep. 29,

2003, by Christopher Eric Putnam and Mark W. Anderson,
entitled “PARCEL DESIGN AND PLANAR TOPOLOGY,”;

Provisional Application Ser. No. 60/507,080, filed Sep. 29,
2003, by Sreenadha B. Godavarthy, John M. Lewis, Thomas
M Inzinga, Edward James Connor, Robert Bruce Todd, Ir.,
and Christopher Eric Putnam, enfitled “SURFACE PRO-
CESSING,”;

Provisional Application Ser. No. 60/506,975, filed Sep. 29,
2003, by Kumud Dev Vaidya, Michael C. Rogerson, and
Bhamadipati S. Rao, entitled “HORIZONTAL ALIGN-
MENT PROCESSING,”; and

Provisional Application Ser. No. 60/506,974, filed Sep. 29,
2003, by Kumud Dev Vaidya, Michael C. Rogerson, and
Bhamadipati S. Rao, entitled “VERTICAL ALIGNMENT
PROCESSING,”.

This application 1s related to the following co-pending and
commonly-assigned patent applications, all of which are
incorporated by reference herein:

U.S. patent application Ser. No. 10/934,526, filed on Sep.
29, 2004, by Christopher FEric Putnam and Mark W. Ander-
son, entitled “METHOD FOR DYNAMICALLY UPDAT-
ING A PLANAR TOPOLOGY?”,

U.S. patent application Ser. No. 10/934,542, filed on Sep.
29, 2004, by Christopher Eric Putnam and Mark W. Ander-
son, entitled “METHOD FOR AUTOMATICALLY DIS-
COVERING HIERARCHICAL RELATIONSHIPS 1IN
PLANAR TOPLOGIES”,

U.S. patent application Ser. No. 10/954,529, filed on Sep.
29, 2004, by Christopher Eric Putnam and Mark W. Ander-
son, enfitled “INTERACTIVE METHOD FOR DESIGN-
ING PARCELS”,

U.S. patent application Ser. No. 10/953,806, filed on Sep.
29, 2004, by Sreenadha B. Godavarthy and John M. Lewis,
entitled “SURFACE SMOOTHING TECHNIQUES”,

U.S. patent application Ser. No. 10/933,2435, filed on Sep.
29, 2004, by John M. Lewis, Robert Bruce Todd, Jr., Edward
James Connor, and Christopher Eric Putnam, entitled “SUR -
FACE CONSTRUCTION AUDIT TRAIL AND MANIPU-
LATION”,

U.S. patent application Ser. No. 10/933,807, filed on Sep.
29, 2004, by Kumud Dev Vaidya, Michael C. Rogerson, and
Bhamadipati S. Rao, entitled “INTERACTIVE CON-
STRAINT BASED ALIGNMENT OBIJECTS”,

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates generally to computer aided
design (CAD) applications and geographic information sys-
tems (GIS), and 1n particular, to a method, apparatus, and
article of manufacture for interactively editing a triangular
irregular network (TIN) surfaces design.

2. Description of the Related Art

Computer aided design (CAD) applications are tradition-
ally used for creating and editing drawings (e.g., maps, tloor
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plans, and engineering designs). Further, CAD applications
enable users to create/modily highly precise and accurate
drawings/maps. Civil engineers and surveyors, for whom
precision and accuracy are of primary importance, have
adopted CAD applications to speed data mput and perform
computations for design projects.

Geographic information systems (GIS) have been tradi-
tionally used for spatial analysis and mapping and allow users
to store, retrieve, manipulate, analyze, and display geographi-
cally referenced data. In this regard, an arc/node data model 1s
commonly used in the GIS industry to identily a polygon that
1s used 1n land analysis. The arc/node model enables efficient
data storage and users to easily determine whether an object
1s 1nside or outside a polygon. However, traditional GIS have
been aimed at general cartography and broad land-use analy-
s1s, and not precision design for the construction and man-
agement of real-world projects. In this regard, the geometric
precision that many engineers require has not been provided
by traditional GIS systems. Some GIS companies have
attempted to use complex databases to model real-world
objects. However, such databases are still built on points,
lines, and polygons and cannot store geometric objects used
in traditional CAD applications (e.g., true arcs or road spi-
rals).

Many organizations have used both CAD and GIS tools 1n
different departments to utilize the different specific features
available. Further, data from original CAD drawings may be
frequently imported or digitized for use in the GIS mapping
environment. However, because of the limitations of GIS
systems and/or CAD systems, during such a transition, data
connectivity, accuracy, and geometric precision are often lost.
Accordingly, what 1s needed 1s an integrated solution that
provides the Tunctionality and tools of a GIS system with the
precision and accuracy of a CAD application.

In an attempt to address the above concerns, industry spe-
cific components were built on top of the CAD engine to
address specialized needs and eventually, an integrated solu-
tion was developed (e.g., Autodesk Map™ or Autodesk Land
Desktop™ software available from the assignee of the
present mvention). Integrated solutions attempt to provide
GIS functionality (e.g., multiuser editing, polygon overlay
and analysis, topology, thematic mapping, etc.) withina CAD
application and spatial database. The integrated solution
allows civil engineers the ability to integrate the precision
engineering tasks (from CAD) (e.g., site, roadway, and
hydrological design) with the spatial analysis tools and data
management of GIS.

Some 1ntegrated solutions may provide solutions for a
particular industry or field. For example, one such integrated
solution may be tailored to land development professionals to
provide a base level of functionality for land planners, sur-
veyors, civil engineers, drafters, and anyone who creates sup-
porting documents. Such an application may also provide a
streamlined ability to communicate survey data to and from
the field and/or provide transportation and site engineering
tools, and hydrology and hydraulics design and analysis.

Drawings 1n an integrated solution are often associated
with one or more projects and a single project can contain one
or more drawings. In this regard, land development profes-
sionals may desire to generate a model of the earth’s surface
for a project. Such a surface model 1s a three-dimensional
geometric representation of the surface of an area of land.
Surface models may be made up of triangles that are created
when points that make up the surface data are connected. The
triangles may form a triangulated irregular network (TIN)
surface. A TIN line 1s one of the lines that makes up the
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surface triangulation. To create TIN lines, the surface points
that are closest together may be connected.

The surface data used to obtain the surface points (i.e., for
the surface map) may comprise random point data (points
taken at a variety of elevations and coordinates), a selected
group of points, coordinate geometry (COGO) points (e.g.,
COGO point data stored in an external database 110), or
points imported from a file. Alternatively, coordinates from
blocks or lines at elevations 1n a drawing may be used.

In addition to points, surfaces may also be built from DEM
files (Digital Elevation Models), contour, breakline, and
boundary data. The vertices of a contour may be used as
surface points, or the contours may be treated as breaklines
that prevent triangulation lines from crossing the contours.

To build a surface accurately, more information than points
and contours must be provided. For example, to prevent sur-
face triangulation across features such as roads or stream,
breaklines may be defined. Breaklines are constraint lines
used by the model that represent abrupt changes in the sur-
face. TIN lines may be drawn to and from breakline vertices,
but they do not cross the breakline. By including boundaries
in the surface definition, a user can control how the surface
extends to its outer limits, and 1internal areas may be hidden to
prevent triangulation from occurring.

In addition to the above, when editing/manipulating a sur-
face, many operations may be conducted by a user. However,
when an edit 1s made, or when data defining a TIN surface 1s
made, the updates to the TIN surface may not be reflected in
the display of the surface immediately. In this regard, the prior
art systems may require a user to maintain knowledge of
which data defines a TIN surface and 11 such data 1s changed,
the user must manually elect to update the TIN surface. Thus,
prior art systems lack automation in updating TIN surfaces

and lack tlexibility 1n allowing the user to determine if and
when such automation should occur.

SUMMARY OF THE INVENTION

One or more embodiments of the invention provide a tech-
nique for dynamically updating a TIN surface when edits are
made. If defining data i1s changed, the surface may be auto-
matically rebuilt, with all graphical displays updated appro-
priately. Alternatively, 11 defining data 1s changed, the surface
may merely be flagged as out-oi-date. Whether the surface 1s
automatically rebuilt or flagged as out-of-date may be depend
on whether an automatic rebuild option (that may be select-
able by a user) 1s toggled on/ofl.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference
numbers represent corresponding parts throughout:

FI1G. 11s an exemplary hardware and soitware environment
used to implement one or more embodiments of the mnven-
tion;

FIG. 2 1llustrates a graphical user interface window pre-
sented to the user to define definition 1tems 1n accordance with
one or more embodiments of the invention;

FIG. 3 1illustrates an expanded build category section for
defining options for definition 1tems 1n accordance with one
or more embodiments of the invention;

FIG. 4 1llustrates an expanded Data Operations category
window for defining options for definition items in accor-
dance with one or more embodiments of the invention;

FIG. 5 illustrates an expanded Edit Operations category
window for defining options for definition 1tems 1n accor-
dance with one or more embodiments of the invention;
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FIG. 6 illustrates an enlarged view of the definition list
section for surface edit operations in accordance with one or
more embodiments of the invention; and

FIG. 7 1s a flow chart 1llustrating the logical flow for updat-
ing a drawing surface when an edit operation 1s conducted 1n
accordance with one or more embodiments of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PREFERRED

In the following description, reference 1s made to the
accompanying drawings which form a part hereotf, and which
1s shown, by way of 1llustration, several embodiments of the
present invention. It 1s understood that other embodiments
may be utilized and structural changes may be made without
departing from the scope of the present invention.

Hardware Environment

FIG. 11s an exemplary hardware and software environment
used to implement one or more embodiments of the invention.
Embodiments of the mmvention are typically implemented
using a computer 100, which generally includes, inter alia, a
display device 102, data storage devices 104, cursor control
devices 106, and other devices. Those skilled 1n the art will
recognize that any combination of the above components, or
any number of different components, peripherals, and other
devices, may be used with the computer 100.

One or more embodiments of the invention are imple-
mented by a computer-implemented graphics program 108
(e.g., a CAD program), wherein the graphics program 108 1s
represented by a window displayed on the display device 102.
Generally, the graphics program 108 comprises logic and/or
data embodied 1n or readable {from a device, media, carrier, or
signal, e.g., one or more {ixed and/or removable data storage
devices 104 connected directly or indirectly to the computer
100, one or more remote devices coupled to the computer 100
via a data commumnications device, etc. Further, the graphics/
drawing program 108 may utilize a database 110 such as a
spatial database.

Computer 100 may also be connected to other computers
100 (e.g., a client or server computer) via network 112 com-
prising the Internet, LANSs (local area network), WANs (wide
areca network), or the like. Further, database 110 may be
integrated within computer 100 or may be located across
network 112 on another computer 100 or accessible device.

Those skilled 1n the art will recognize that the exemplary
environment 1llustrated in FIG. 1 1s not intended to limit the
present invention. Indeed, those skilled 1n the art will recog-
nize that other alternative environments may be used without
departing ifrom the scope of the present mvention. Accord-
ingly, FIG. 1 1llustrates an itegrated CAD and GIS system
that combines the traditional capabilities of CAD and GIS
tools with common spatial management features. In this
regard, such an integrated solution enables the use of true
geometry, precision, powerful creation and editing tools, and
drawing and document production of a CAD system 1n addi-
tion to the GIS capabilities for polygons, topology, overlay
analysis, scamless database use, and thematic mapping. Fur-
ther, single or multiple users may integrate their workilow
using such a system.

Software Embodiments

As described above, one or more embodiments of the
invention 1s implemented 1n an integrated CAD/GIS system.
The invention provides for updating a TIN surface when edits
are made.
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Edit Operations

As described above, a surface in a CAD/GIS application
108 may be edited/modified. In this regard, various surface
edit operations may be conducted. Table 1 illustrates some of
the various edit operations permitted by specific surface

types.

TABL

1

(L]

Edit Operations by Surface Type

TIN Vol. Grid Vol.
Property TIN Surface Surface Grid Surface  Surface
Add point Yes Yes Yes Yes
Delete point Yes Yes Yes Yes
Modify point Yes Yes Yes Yes
Add line Yes Yes No No
Delete line Yes Yes Yes Yes
Swap edge Yes Yes No No
Minimize flat Yes Yes No No
faces
Non-destructive Yes Yes No No
breakline
Smooth surface Yes No No No
Paste surface Yes No No No
Raise/lower Yes No Yes No
surface
Import Yes No Yes Yes
LandXML
Import TIN Yes No No No
Import DEM No No No No

The following description summarizes some of the com-
mands/operations from the above table that are available to
edit a surface. The Add Line command adds anew TIN line to
an existing surface. Similarly, the Delete Line command,
deletes TIN lines from a surface. The Swap Edge command
changes the direction of two triangle faces in the surface
model so that the triangle edges match ridges or swales, for
example. The Add Point command adds points directly to the
surface model and the Delete Point command deletes points
from a surface to remove maccurate or unnecessary data. The
Modify Points command changes the elevations of single or
multiple surface points. The Move Point command moves an
ex1isting surface point to a new location and then updates the
surface triangulation.

The Non-destructive Breaklines command creates a non-
destructive breakline from an open or closed polyline. The
Mimimize Flat Faces command checks each contour 1n the
surface contour data for any triangles that have either three
points on the same contour or three points at the same eleva-
tion. The Raise/Lower Surface command changes the surface
clevations by adding or subtracting an amount from the exist-
ing elevation of all the surface points.

The Smooth Surface command displays a smooth surface
dialog for smoothing a surface. The Paste Surface command
pastes a selected surface, into the current surface.

Edit History

In the prior art, when a surface was built (triangulated),
surface points were extracted from the source data, triangu-
lated, and then an edit history was applied to the triangulation.
However, the build process was always in this order. In other
words, the adding/removing of data and the sequence of edit-
ing was never applied 1n the original creation order.

In accordance with one or more embodiments of the inven-
tion, the build process 1s incremental. Further, the build pro-
cess 1s dynamic and automatic. When data 1s added or the
surface 1s edited, the surface 1s updated; when data 1s
removed, the surface 1s rebuilt.
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A definition list provides a sequential list of all operations
performed on the surface 1n 1ts current state. One can edit the
definition list by toggling on/off a definition 1tem, or deleting
the 1item from the list. When defimition items are toggled off,
the surface 1s updated, but the surface still has a reference to
the defimition item. It the definition 1item 1s removed from the
list, the definition 1tem data 1s permanently removed from the
surtace.

To toggle on/oif or remove surface definition terms, a
graphical user interface window may be presented to the user.
In the window, a surface definition may always be listed in the
order the definition items were added when the surface was
built/edited. FIG. 2 1llustrates a graphical user interface win-
dow presented to the user to define definition 1tems 1n accor-
dance with one or more embodiments of the invention. There
are two primary areas of the interface window 200—defini-
tion options section 202 and definition list section 204. Defi-
nitions options section 202 allows the user to define/specily
options 1n various categories—build, data operations, and
edit operations. As 1llustrated 1n FIG. 2, each of these catego-
ries are in a contracted mode as indicated by the “+” 1con
adjacent to each category listing 1n section 202. By selecting
the “+” icon, each category may be expanded to provide
turther options.

The build category allows the user to define/specity various
property values that occur when building a surtace. FIG. 3
illustrates an expanded build category section 1n accordance
with one or more embodiments of the invention. As illustrated
in FIG. 3, when building a TIN surface, the user may deter-
mine whether or not to convert proximity breaklines to stan-
dard breaklines. Further, the user may elect whether point
clevations less than (or greater than) a specified value are
excluded and whether surface triangles that exceed a speci-
fied length are removed from the boundary of the surface. In
addition, the user can determine whether crossing breaklines
are corrected when they occur. If a breakline touches an
existing breakline, a user can specily what elevation to use at
the calculated point of intersection. In this regard, the X,Y
coordinate location may be calculated and the elevation deter-
mined based on a user selected option that may include using
a first breakline elevation at the intersection, using a last
breakline elevation at the intersection, or using the average or
the first and last breakline elevation at the intersection.

A last build category user option may provide for whether
the drawing object data 1s to be copied to the surface defini-
tion 1f the drawing object data 1s deleted. When a surface
boundary, breakline, or point group 1s added to a surface, the
surface definition may store an identification for the object
(referred to as an Object ID). If the drawing object, such as the
original Polyline used to define the surface boundary, is
deleted from the drawing, the coordinates of the Polyline
vertices will be copied 1nto the surface definition and saved.
Theretfore the surface boundary definition 1s not lost from the
surface definition. However, 11 the user opts not to copy the
surface definition upon drawing object data deletion, the sur-
face boundary, breakline, or point group definition will be
removed from the surface definition when the surface 1s
rebuilt. The reason this occurs 1s due to the fact that the Object
ID of the defining drawing object no longer exists in the
drawing database.

The Data Operations category in an expanded form 1s
illustrated in FIG. 4. The Data Operations category 1s used for
selecting and deselecting a surface data type in the definition
list. IT “Yes” 1s specified 1n the value column 402, all defini-
tion 1tems of that type will be checked in the definition list. IT
“No” 1s specified 1n value column 402, all definition 1tems of
that type are unchecked 1n the defimition list. If the definition
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l1st section 204 contains mixed checked and unchecked items
of a specific type, a combo box (in the value column 402)
displays “Varies”. “Varies” cannot be selected from such a
combo box; and may only be displayed when the mixed
checked/unchecked condition exists of a specific data typein >
the definition list section 204.

Table 2 illsutrates the various data operations options that
are selectable by surface type in accordance with one or more
embodiments of the invention.

10
TABLE 2
Data Operations Options by Surface Type
TIN TIN Vol. Grid Grid Vol. 15
Property Surface Surface Surface Surface
Boundaries Yes Yes Yes Yes
Breaklines Yes No No No
Contour data Yes No No No
DEM files Yes No Yes No 50
Point files Yes No No No
Point groups Yes No No No
Drawing object Yes No No No
points
The expanded Edit Operations category 1s displayed in 23
FIG. 5 and 1s used for selecting and deselecting a surface
operation type in the definition list. If “Yes™ 1s specified 1n
column 502, all definition 1tems of that type will be checked
in the definition list. It “No™ 1s specified in column 502, all |

definition 1tems of that type are unchecked 1n the definition
list. If the definition list contains mixed checked and
unchecked items of a specific type, a combo box in column
502 displays “Varies”. “Varies” cannot be selected from a
combo box 1n column 502; it 1s only displayed when the 35
mixed checked/unchecked condition exists of a specific data
type (as set forth in the definition list selection 204 ).

The Definition list section 204 provides the list of opera-
tions used to edit a surface 1in accordance with one or more
embodiments of the invention. The items 1n the definition list
may always be displayed 1n the order they were performed 1n.
FIG. 6 1llustrates an enlarged view of the definition list section
204 of FIG. 2 1n accordance with one or more embodiments of
the invention.

40

45
The Definition list view 204 contains two columns: Defi-

nition/operation Type 602 and Parameters 604. The Defini-
tion Type column 602 contains a check box 606, item type
icon 608, and the definition type 610. The Parameters column
604 contains information about the item type, such as path 50
and file name 1f the 1tem 1s a file.

The checkbox 606 1s used to determine whether the par-
ticular listed definmition/operation type 610 (represented by
icon 608) 1s to be included/used during the edit operation.
Accordingly, the data additions/surface mampulations are all
remembered as a list 204 of atomic operations. The user can
browse the definition list section 204 and toggle particular
steps/edit operations on/oll, or remove an operation. In this
regard, the user can play back the surface to a previous (origi-
nal) state, or back to its current state. Further, the user can
compare the effects that individual operations may have on

the surface by toggling them on/ofl 1n the definition list 204.
Also, the user can toggle groups of operations on/off based on
the options specified 1n definition options section 202. 65

55

60

Table 3 illustrates the 1tems that may appear 1n the Defini-
tion list view 204 when added to a surface definition.

8

TABL.

L1

3

Surface Definition List

Operation Type Operation Parameter

Add point group <Point group name:>

Add point file <Path and file name>

Add breakline[s] <Type and description>

M Add contour data <Elevation range>

Add boundary <Type and description

Add DEM file <Path and file name>

B Add point <X,Y,Z coordinates>

M Delete point <X.,Y coordinates>

Modified point <X,Y,Z coordinates>

Add line <Start X,Y coordinates>, <End X,Y
coordinates>

M Delete line <Start X,Y coordinates>, <End XY
coordinates>

Swap edge <Start X,Y coordinates>, <End X,Y
coordinates>

Add Non-destructive <Description>

breakline

b Minimize flat faces <Number of faces removed>

M Raise/Lower surface (points) <Difference elevation:>

Smooth surface <Type an number of points>

Paste surface <Surface name>

b Import TIN <Path and file name>

M Import XML <Path and file name>

As described above, when the definition type check box
606 1s checked, the definition 1tem’s data 1s 1n use within the
surface definition. For example, when a poimnt file 1s
unchecked from the list, the surface points that originated
from the point file are hidden and the surface triangulation 1s
updated when the OK/Apply button 1s selected.

To permanently remove selected definition items (also
removes 1ts data from the surface definition), a “Remove
From Definition” option may be selected from a definition
item context menu. Such a definition item context menu may
be displayed by positioning the cursor over a particular defi-
nition item and clicking the right mouse button. Alternatively,
any other method for selecting a particular item may be used
in accordance with one or more embodiments of the inven-
tion. Once removed, the selected definition may be perma-
nently removed from the surface and cannot be toggled/se-
lected from the definition list 204.

The 1cons 608 displayed in the definition list 204 may
indicate or provide information about the particular item. For
example, a particular “1tem modified” 1con 612 may be dis-
played if a definition item has been modified after being
added to the surface. Similarly, an “1tem not found” 1con 614
may be displayed 1f a definition item cannot be found when a
surface properties dialog has been 1nitialized.

If a definition 1item i1n the list 204 has been checked,
unchecked or removed, or 1f a definition 1tem 1s displayed as
Modified 612 or Not Found 614, the user may be informed via
a dialog box (e.g., that the surface 1s out of date) and presented
with the option to rebuild the surface and apply changes
made, apply changes made to surface properties, except for
definitions, or merely returning to another dialog, for
example.

In view of the above, the definition list 204 presents a list of
atomic surface edit operations that the user may elect to
enable/disable on an individual/group basis.

Dynamic Update of TIN Surface

As described above, when edits are made, a TIN surtace
may be dynamically updated to reflect the edit operations.

Alternatively, instead of dynamically updating the graphical
display containing the drawing surface, the data may merely
be flagged as out-of-date. TIN surfaces are made up of various



US 7,561,990 B2

9

objects/entities. When the objects/entities are modified, the
surface (and/or display of the surface) may not be updated to
reflect the changes. In the prior art, the user was forced to be
aware ol which objects/entities made up a surface and 1f one
of the objects/entities changed, the user was forced to manu-
ally elect to rebuild the surface.

In the present invention, each surface has a link or refer-
ence to each object/entity that 1s part of the surface (or vice
versa). When the object/entity changes, the surface object
makes a determination regarding whether an automatic
rebuild option 1s active or not. Depending on the status of the
option, the surface may be automatically rebuilt to reflect the
change or the surface may merely be tlagged as out-of-date.
Alternatively, the definition item/edit operation may be
flagged as out-of-date.

For example, suppose that a line object 1s part of a surface.
The user may elect to move the line (which may be recorded
as a definition 1tem/edit operation). In the prior art, the user
would have to remember that the line was part of the surface
and elect to rebuild the surface to account for the moved line.
In the present invention, the surface maintains a link to the
line object (or vice versa) such that when the line 1s moved,
the surface may be automatically rebuilt to retlect the changed
line. Alternatively, if the rebuild option 1s toggled off, the
surface may be flagged as out-of-date to reflect that the sur-
face needs to be updated.

FI1G. 6 1llustrates a graphical user interface that indicates
whether or not a definition 1tem/edit operation 1s out-oi-date
or not. “Item modified” icon 612 retlects 11 a definition/edit
operation has been modified after being added to the surface
(or 11 1t has been added to the surface and the surface has not
yet been updated to reflect the addition)(1.e., whether 1t has
been flagged as out of date). The presence of 1con 612 next to
an edit operation 1n list 602 1ndicates that the edit operation
has been modified. Alternatively, as described above, an
entire drawing surface may be tlagged as out-of-date and an
appropriate 1con or notation may be displayed to the user
indicating such a status.

The ability to automatically update the graphical display or
merely flag an item as out-of-date may be controlled by a user
using an “‘automatic rebuild” option/toggle. If the automatic
rebuild 1s toggled on, the surface 1s automatically and
dynamically rebuilt whenever an edit operation occurs or 1s
modified. However, if the automatic rebuild option 1s toggled
off, the surface operation and/or the drawing surface may be
flagged as out-oi-date. In such a situation, the drawing/draw-
ing surface may be updated to retlect the modification when
the next rebuild occurs. Such a rebuild may be initiated by the
user or upon another event mitiated by the CAD/GIS system.

Logical Flow

FI1G. 7 1s a flow chart 1llustrating the logical flow for updat-
ing a drawing surface (e.g., a TIN drawing surface) when edits
are made 1n accordance with one or more embodiments of the
invention. At step 700, a drawing surface 1s displayed 1n a
CADY/GIS application. At step 702, a surface edit operation 1s
performed on the drawing surface. At step 704, a determina-
tion 1s made regarding whether the edit operation involved a
change to an object/entity that is part of a drawing surface (or
surface object). In other words, a determination 1s made
regarding whether the drawing surface has been affected. IT
the edit has not affected the drawing surface, updates may not
be required and the process continues at step 700. Such a
determination (at step 704) may determine 1f a link exists
between the object/entity that has been modified and the
drawing surface. In other words, once an object/entity has
been modified, the object/entity 1s examined to determine 1f a
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link to a surface object exists. If the link exists, the object/
entity 1s part of a surface object and the surface object may
need to be updated to reflect the changed object/entity.
Depending on the automatic rebuilt option, the surface object
may/may not be updated to reflect the modification.

I1 the drawing surface has been atfected, a determination 1s
made regarding whether an automatic rebuild option 1s active
(1.e., whether it 1s toggled on or ofl) at step 706. If the auto-
matic rebuild option 1s active/on, the drawing surface 1s auto-
matically and dynamically rebuilt to retlect the surface edit
operation at step 708. One or more graphical displays that
reflect the drawing surface may also be automatically and
dynamically rebuilt if this option 1s active.

I1 the automatic rebuild option 1s 1nactive/otl, the drawing,
surface 1s flagged as out-of-date at step 710. The flagging
operation may also include the display of an 1con indicating
the surface edit operation has been modified after being added
to the drawing surface. Such anicon may be displayed in a list
of edit operations as described above. An icon may also be
displayed on the graphical display of the drawing indicating
that the display requires an update or does not accurately
reflect the drawing surface. Further, the flagging may also
allow the user to schedule (or may automatically schedule) a
time/event for the drawing surface to be rebuilt. Thereatter,
when the scheduling event occurs, the drawing surface 1s
rebuilt to include the edit operation.

[l

CONCLUSION

This concludes the description of the preferred embodi-
ment of the invention. The following describes some alterna-
tive embodiments for accomplishing the present invention.
For example, any type ol computer, such as a mainframe,
minicomputer, or personal computer, or computer configura-
tion, such as a timesharing mainframe, local area network, or
standalone personal computer, could be used with the present
invention. In summary, embodiments of the invention provide
the ability to update a drawing surface when edits are con-
ducted.

The foregoing description of the preferred embodiment of
the invention has been presented for the purposes of illustra-
tion and description. It 1s not intended to be exhaustive or to
limait the ivention to the precise form disclosed. Many modi-
fications and variations are possible 1n light of the above
teaching. It 1s intended that the scope of the imvention be
limited not by this detailed description, but rather by the
claims appended hereto and equivalents thereof.

What 1s claimed 1s:

1. A method for updating a drawing surface 1n a CAD/GIS
computer application, comprising:

displaying a drawing surface in a CAD/GIS application;

performing a surface edit operation on the drawing surface;

determiming if an automatic rebuild option 1s active;

dynamically and automatically rebuilding the drawing sur-
face to retlect the surface edit operation if the automatic
rebuild option 1s active; and

flagging the drawing surface as out-of-date if the automatic

rebuild option 1s mactive.

2. The method of claim 1, wherein the flagging comprises
displaying an 1con indicating the surface edit operation has
been modified after being added to the drawing surface.

3. The method of claim 1, further comprising:

scheduling the drawing surface for a rebuild 1f the drawing

surface 1s flagged as out-of-date; and

updating the drawing surface when the scheduled rebuild

OCCUrS.
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4. The method of claim 1, wherein the drawing surface 1s a
triangular irregular network (TIN) drawing surface.

5. The method of claim 1, further comprising dynamically
and automatically updating graphical displays to reflect the
edits made to the drawing surface when the drawing surface is
rebuilt 11 the automatic rebuild option 1s active.

6. The method of claim 1, further comprising determining
if the surface edit operation afiects the drawing surface by
examining a link between an object that has been edited and
the drawing surface.

7. An apparatus for updating a drawing surface 1n a CADY/
GIS computer application comprising;

(a) a computer system having a memory and a data storage

device coupled thereto; and

(b) a GIS/CAD application executing on the computer,

wherein the application 1s configured to:

(1) display a drawing surface 1n a CAD/GIS application;

(11) perform a surface edit operation on the drawing
surface;

(1) determine 11 an automatic rebuild option 1s active;

(1v) dynamically and automatically rebuild the drawing
surface to retlect the surface edit operation if the auto-
matic rebuild option 1s active; and

(v) flag the drawing surface as out-oi-date 1f the auto-
matic rebuild option 1s nactive.

8. The apparatus of claim 7, wherein the application 1s
turther configured to display an icon i1ndicating the surface
edit operation has been modified after being added to the
drawing surface when the drawing surface 1s flagged.

9. The apparatus of claim 7, wherein the application 1s
turther configured to:

schedule the drawing surface for a rebwld 1f the drawing

surface 1s flagged as out-of-date; and

update the drawing surface when the scheduled rebuild

OCCUTS.

10. The apparatus of claim 7, wherein the drawing surface
1s a triangular 1rregular network (TIN) drawing surface.

11. The apparatus of claim 7, wherein the application 1s
turther configured to dynamically and automatically update
graphical displays to reflect the edits made to the drawing
surface when the drawing surface 1s rebuilt 1f the automatic
rebuild option 1s active.
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12. The apparatus of claim 7, wherein the application 1s
turther configured to determine if the surface edit operation
alfects the drawing surface by examining a link between an
object that has been edited and the drawing surface.

13. An article of manufacture comprising a program stor-
age medium readable by a computer and embodying one or
more instructions executable by the computer to perform a
method for updating a drawing surface 1n an GIS/CAD com-
puter system, the method comprising:

displaying a drawing surface 1n a CAD/GIS application;

performing a surface edit operation on the drawing surface;

determining 1f an automatic rebuild option 1s active;

dynamically and automatically rebuilding the drawing sur-
face to reflect the surface edit operation i the automatic
rebuild option 1s active;

flagging the drawing surface as out-of-date 1f the automatic

rebuild option 1s mactive.

14. The article of manufacture of claim 13, wherein the
flagging comprises displaying an icon indicating the surface
edit operation has been modified after being added to the
drawing surface.

15. The article of manufacture of claim 13, wherein the
method further comprises:

scheduling the drawing surface for a rebuild 11 the drawing

surface 1s flagged as out-of-date; and

updating the drawing surface when the scheduled rebuild

OCCUrS.

16. The article of manufacture of claim 13, wherein the
drawing surface 1s a triangular 1irregular network (TIN) draw-
ing surface.

17. The article of manufacture of claim 13, wherein the
method further comprises dynamically and automatically
updating graphical displays to retlect the edits made to the
drawing surface when the drawing surface 1s rebuilt if the
automatic rebuild option 1s active.

18. The article of manufacture of claim 13, wherein the
method further comprises determining 1f the surface edit
operation affects the drawing surface by examining a link
between an object that has been edited and the drawing sur-
face.
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